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57 ABSTRACT 
A small electric motor wherein brushes are disposed on 
the contact surface of a commutator having a lubricant 
coated thereon at a predetermined angle with respect to 
the direction normal to a rotor rotating shaft so that the 
brushes plow through the lubricant film over a wide 
area while making slide contact with the commutator, 
whereby the contact resistance of the brushes is stabi 
lized. 

5 Claims, 10 Drawing Figures 
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4,500,804 1. 

SMALL ELECTRIC MOTOR 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates generally to a small electric 

motor, and more specifically to a small electric motor 
wherein a lubricant is coated on the contact surface of 
a commutator fixedly fitted to a rotor rotating shaft. 

2. Description of the Prior Art 
In a small electric motor having metallic brushes for 

making contact with a commutator to feed drive cur 
rent to a rotor, it is a common practice to apply a lubri 
cant in the contact surface of the commutator to pre 
vent mechanical and electrical wear due to unwanted 
vibration of the brushes. 

In such an arrangement, a sharp edge is provided 
along the length of each of the brushes by bending the 
brush longitudinally into a V-shape in crosssection so 
that the sharp edge plows through the lubricant which 
is made of an electrically insulating material, causing 
the lubricant to form a thin film during the slide contact 
of the brush with the commutator surface. 

This arrangement will be described in detail in the 
following, referring to the accompanying drawings. 

In FIGS. 1 through 3 illustrating the conventional 
construction of this type of motor, reference numeral 1 
refers to a large case; 2 to a permanent magnet; 3 to a 
rotor; 4 to a winding; 5 to a commutator; 6-1 and 6-2 to 
metallic brushes having slide contact portions 6-1A and 
6-2A which form sharp edges by bending the brushes 
longitudinally into a V-shape in crossection; brush arms 
6-1B and 6-2B and terminals 6-1C and 6-2C; 7 to a rotat 
ing shaft; 8-1 and 8-2 to bearings; 9 to a small case; 10 to 
a commutator segment more than one of which are 
disposed on the surface of the commutator 5 at equal 
spacings in the angular positional direction; and 11 to a 
lubricant, for example, grease, respectively. 

In the large case 1, housed are the permanent magnet 
2 and the rotor 3 on which the rotor winding 4 is 
wound. The commutator 5 is fixedly fitted to the rotat 
ing shaft 7 of the rotor 3. The metallic brushes 6-1 and 
6-2 are disposed facing each other on the commutator 5, 
and make sliding contact with the commutator 5 at the 
sharp edges of the slide contact portions 6-1A and 6-2A 
thereof. Both ends of the rotating shaft 7 are rotatably 
supported by the large case 1 and the small case 9 which 
covers the open end of the large case 1, via the bearings 
8-1 and 8-2. The lubricant 11 is applied on the portion of 
the commutator 5 at which the brushes 6-1 and 6-2 make 
sliding contact with the commutator 5. 

Consequently, as the motor rotates, the sharp edges 
of the slide contact portions 6-1A and 6-2A plow 
through the lubricant 11 deposited on the commutator 
5, making electrical contact with the commutator seg 
ment 10 through a thin film of the lubricant 11. In such 
a case, even the lubricant 11 of a non-conductive type, 
when formed into a thin film, becomes conductive, 
causing no problems in the electrical conductivity be 
tween the commutator segment 10 and the brushes 6-1 
and 6-2. Furthermore, the lubricant 11 plowed away by 
the brushes 6-1 and 6-2 forms ridges on both sides of the 
sliding path of the brushes 6-1 and 6-2, exhibiting a good 
damping effect in preventing the brushes 6-1 and 6-2 
from unwantedly jumping up from the commutator 
surface. 
With this arrangement, no problem need arise so long 

as the opposing brushes 6-1 and 6-2 face each other at 
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2 
the same position in the axial direction. However, if the 
brushes 6-1 and 6-2 shift their relative position in the 
axial direction, as shown by dotted lines in FIG. 3, the 
grooves of the lubricant 11 produced by the brushes 6-1 
and 6-2 are staggered in the axial direction, as shown by 
solid and dotted lines in the figure. This causes the brush 
6-2 to form a groove by plowing through the ridge 
produced by the brush 6-1, or vice versa. As a result, the 
contact resistances of the brushes 6-1 and 6-2 with the 
commutator 5 vary every rotation of the motor, result 
ing in fluctuations in motor rotation. 

Furthermore, this arrangement requires a sufficient 
brush pressure to cause the sharp edges of the brush 
slide contact portions 6-1A and 6-2A to plow through a 
layer of the lubricant 11. 

SUMMARY OF THE INVENTION 
It is an object of this invention to provide a small 

electric motor wherein brushes are disposed at a prede 
termined angle to the direction normal to the motor 
rotating shaft, whereby a lubricant layer coated on the 
surface of a commutator to improve continuity in the 
slide contact portions of the brushes. 

It is another object of this invention to provide a 
small electric motor wherein the performance of the 
motor is improved by reducing variations in motor 
rotation as a result of improved continuity in the slide 
contact portions of the brushes. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a longitudinal sectional view of a conven 

tional small electric motor having a commutator on 
which a lubricant is coated with parts partially broken 
away. 
FIG. 2 is an enlarged crosssectional view of the com 

mutator of the motor shown in FIG. 1. 
FIG. 3 is an enlarged plan view of the commutator of 

the motor shown in FIG. 1. 
FIG. 4A is a longitudianl sectional view of a small 

electric motor embodying this invention, having a com 
mutator on which a lubricant is coated, with parts par 
tially broken away. 
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FIG. 4B is an enlarged side elevation of the commuta 
tor of the motor shown in FIG. 4A. 

FIG. 5 is an enlarged side elevation of major compo 
nents of the commutator of another embodiment of this 
invention. 
FIG. 6 is an enlarged side elevation of major compo 

nents of the commutator of still a further embodiment of 
this invention. 
FIGS. 7A and 7B are graphs to compare variations in 

motor rotation between the motor having the conven 
tional type of commutator on which a lubricant is 
caoted, and the motor of the third embodiment of this 
invention. 
FIG. 8 is a diagram of a motor performance stability 

curve illustrating the relationship between the stability 
of motor rotation and the tilting angle, 6, of the brush. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention provides a small electric motor of the 
type described above, that is, a small electric motor 
having a commutator on the surface of which a lubri 
cant is coated wherein brushes are disposed at a prede 
termined angle, 6, to the direction normal to the motor 
rotating shaft. 
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3. 

In FIGS. 4A through 6 of assistance in explaining 
motor brushes embodying this invention, reference 
numeral 1 refers to a large case; 2 to a permanent mag 
net as a motor stator; 3 to a motor rotor; 4 to a winding; 
5 to a commutator; 7 to a rotating shaft; 8-1 and 8-2 to 
bearings; 9 to a small case; 10 to a commutator, a plural 
ity of which are disposed on the contact surface of the 
commutator 5 at equal spacings in the angular positional 
direction; 11 to a lubricant, grease, for example; 12-1 
and 12-2 to a pair of single-piece metallic brushes in the 
first embodiment of this invention, comprising slide 
contact portions 12-1A and 12-2A having formed 
thereon sharp edges by bending longitudinally into a 
V-shape in crosssection, brush arms 12-1B and 12-2B, 
and terminals 12-1C and 12-2C, respectively. 

In FIGS. 4A and 4B, only one brush 12-1 and the 
terminal 12-2C of another brush 12-2 of pair of the 
brushes 12-1 and 12-2 are illustrated. Note that only one 
side of brush of a pair of brushes are illustrated in other 
embodiments, which will be described later. 

In the large case 1, the permanent magnet 2 and the 
rotor 3 are housed. The rotor winding 4 is wound on the 
rotor 3. The commutator 5 is fixedly fitted to the rotat 
ing shaft 7 of the rotor 3. On the commutator 5, the 
metallic brushes 12-1 and 12-2 are disposed facing each 
other. The brushes 12-1 and 12-2 make slide contact 
with the commutator 5 at the sharp edges of the slide 
contact portions 12-1A and 12-2A. In this invention, 
any one or both of the slide contact portions 12-1A ind 
12-2A are bent to a predetermined angle, 6, with respect 
to the direction (X) normal to the motor rotating shaft 
7. (FIG. 4B) Both ends of the rotating shaft 7 are rotat 
ably supported at the centers of the large case 1 and the 
small case 9 covering an open end of the large case 1, 
via the bearings 8-1 and 8-2. The lubricant 11 is applied 
to the contact surface of the commutator 5 with which 
the brushes 12-1 and 12-2 make contact. 

In FIG. 5, numeral 13 denotes a fork-shaped brush in 
the second embodiment of this invention, having slide 
contact portions 13-1A and 13-2A and brush arms 13-1B 
and 13-2B at the bifurcated portions thereof, one of the 
slide contact portions 13-1A being bent to a predeter 
mined angle, 6, with respect to the direction (X) normal 
to the rotating shaft 7. 

In FIG. 6, numeral 14 denotes a fork-shaped brush in 
the third embodiment of this invention, having two slide 
contact portions 14-1A and 14-2B, which are bent to a 
predetermined angle, 6, with respect to the direction 
(X) normal to the rotating shaft, and brush arms 14-1B 
and 14-2B. 

In the first embodiment of this invention, shown in 
FIGS. 4A and 4B, where the slide contact portion 
12-1A of the singlepiece brush 12-1 is bent to a predeter 
mined angle, 6, with respect to the direction (X) normal 
to the rotating shaft, the sharp edge of the slide contact 
portion 12-1A of the brush 12-1 makes contact with the 
commutator 5 as the motor rotates, plowing through 
the lubricant layer 11 on the commutator surface to 
form a groove. As shown by solid lines in FIG. 4B, this 
groove is relatively wider, compared with that formed 
by the conventional type of brush, because the slide 
contact portion 12-1A is tilted axially at a predeter 
mined angle. Consequently, even when the brush 12-2 
(not shown) facing the brush 12-1 is slightly shifted 
sideways, the groove formed by the brush 12-2 substan 
tially agrees with that formed by the brush 12-1. This 
allows the brushes 12-1 and 12-2 to make contact with 
the commutator 5 within the same groove, reducing 
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4 
variations in contact resistance, leading to stabilized 
motor rotation. 

Similarly, in the second and third embodiments of this 
invention, shown in FIGS. 5 and 6, variations in contact 
resistance can be reduced to stabilize motor rotation by 
tilting any one (13-1A in FIG. 5) or both (14-1A and 
14-2A in FIG. 6) of the slide contact portions at a prede 
termined angle in the axial direction. 
The above description of the first through third em 

bodiments is concerned with the brush where only the 
slide contact portion thereof is bent. However, the 
brush may be of such a cnstruction that both the slide 
contact portion and the brush arm are tilted together, or 
the slide contact portion is tilted in the opposite direc 
tion (leftward in the figures). 

Next, variations in motor rotation in the conventional 
type of brush and the brush of this invention will be 
compared. 
FIG. 7A is a graph illustrating variations in motor 

rotation when a motor having the conventional type of 
fork-shaped brush was operated for 1.5 hours at (1) 
3,000 rpm, (2) 5,000 rpm and (3) 8,000 rpm, respec 
tively. 
FIG. 7B is a graph illustrating variations in motor 

rotation when a motor of the third embodiment of this 
invention, with the brush slide contact portions tilted at 
20' was operated for 1.5 hours at (1) 3,000 rpm, (2) 
5,000 rpm and (3') 8,000 rpm, respectively. In both 
figures, the ordinate represents motor revolution (rpm) 
and the abscissa represents time. 

Both graphs reveal that, the motor having the con 
ventional type of brush shows the maximum variations 
in rotation of approx. 1,200 rpm when operated at speed 
(1), approx. 1,300 rpm at (2), and approx. 1,500 rpm at 
(3), while the motor of this invention invariably shows 
the maximum variations in rotation as low as approx. 
500 rpm when operated at speed (1), (2) or (3). 

Next, the relationship between the tilting angle, 6, of 
the brush and performance stability with respect to 
variations in motor rotation will be described, referring 
to FIG. 8. The performance stability used here is de 
fined as 

( Specified 

Performance 
stability 

Variation in 
revolution (n) ) (eir revolution (An) 

(Specified revolution (n)) 

The performance stability curve was prepared by ex 
perimentally obtaining the revolution of a motor at 
varied tilting angle, 6, of the brush thereof. 
The results indicate that the performance stability of 

a motor sharply increases in the vicinity of 6 =5, 
reaches substantially saturation in the neighborhood of 
15, remains saturated up to about 30, and then sharply 
drops beyond 30'. 
As described above, this invention makes it possible 

to virtually eliminate variations in motor rotation, stabi 
lizing motor performance because the sharp edges of 
brush slide contact portions plow through the lubricant 
layer on the commutator surface, forming a groove 
wide enough to allow the brushes to make contact with 
the commutator surface even when the opposing 
brushes shift sideways. 
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What is claimed is: 
1. A small electric motor having a permanent magnet, 

a rotor having a shaft, a commutator fixedly fitted to the 
rotor shaft and having a lubricant coated on a contact 
surface thereof, and brushes for making sliding contact 
with said commutator, characterized in that said 
brushes are disposed at a predetermined angle of from 
5 to 30' with respect to the direction normal to said 
shaft, each of said brushes comprising a single-piece 
slide contact portion and a brush arm; said slide contact 
portion being bent to said predetermined angle with 
respect to the direction normal to said shaft and having 
a V-shaped cross-section. 

2. A small electric motor as set forth in claim 1 
wherein each of said brushes comprises a plurality of 
fork-shaped slide contact portions and brush arms; at 
least one of said slide contact portions being bent to said 
predetermined angle with respect to the direction nor 
mal to said shaft. 

3. A small electric motor as set forth in claim 2 
wherein all off said slide contact portions are bent to 
said predetermined angle with respect to the direction 
normal to said shaft. 
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6 
4. A small electric motor as set forth in claim 1 

wherein said predetermined angle is within a range of 
approximately 15 to 30'. 

5. A small electric motor comprising: 
a housing, 
a permanent magnet in said housing; 
a rotor having a rotor shaft rotatably mounted in said 
housing adjacent said permanent magnet; 

a cylindrical commutator fixed to said rotor shaft for 
rotation therewith, said commutator having an 
outer cylindrical sliding contact surface extending 
at least partly around said commutator; 

a lubricant coating on said sliding contact surface of 
said commutator; and 

a plurality of brushes fixed to said housing and having 
elongated slide surfaces in contact with said sliding 
contact surface of said commutator, each elongated 
slide surface extending at an angle (6) to a direction 
which is normal to a longitudinal axis of said rotor 
shaft, said angle being an acute angle between 5 
and 30° C., a portion of each brush which carries 
each elongated slide surface having a V-shaped 
cross-section. 
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